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(54) Electric motor control system 

(57) A control system for a motor 13 of an electric vehicle comprises a motor speed detector 25 and a sensor 31 for 
detecting an accelerator angle. A motor speed error command AN* is generated on the basis of the difference between 
motor speed N and speed command N* Is generated on the bais of the error command AN* and the detected motor speed 
N. A feedback control portion 41 outputs a torque command T* based on the motor speed command and the detected motor 
speed, and the driving force of the motor 15 is controlled based on the torque command. 

The arrangement allows for smooth changeover between torque control and speed control when wheelslip is detected 
during torque control. 

A reference valve N** is applied to the controller 17 Instead of the speed command N* during speed control. 
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ELECO^RlC KOTOR CONTROL SYSTEM 



The present iJivention relates to a motor 
control for a motor used as a prime mover of a 
vehicle- 
Motor control of the above-mentioned kind 
may be divided Into one wherein motor torque is 
used as a variable to be adjusted/ namely torque 
control^ and another wherein motor revolution speed 
is used as a variable to be adjusted/ namely speed 
control. The torque control is in most cases 
employed to meet demands of a driver. 

If, for example r motor control is to be 
combined with a so-called Automatic Speed Control 
Device (ASCD) or it is to be so modified as to depend 
on a vehicle speed of another vehicle moving ahead, 
the speed control is needed* Such speed control is 
also needed in the case where left and right wheels 
are driven by different motors so as to adjust a 
speed difference between the left and right wheels 
thereby to give a so-called Limited Slip Differential 
(LSD) effect. Thusr there is a demand for a motor 
control which can shift between torque control at\<l 
speed control. 

Fig. 9 is a schematic illustrating a motor 
control for a motor 107 used as a prime mover of a 
vehicle. In this system, a torque control is 
employed wherein a torque demand signal T* generated 
in response to operation of an accelerator 101 is 
used as a variable to be adjusted. In this case, the 
torque demand signal T* is supplied to a controller 
105. The controller 105 effects an open loop control 
wherein a motor torque generated by the motor 107 
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approaches a tacget value as represented by the 
torque demand signal T*. If a speed control based on 
a motor speed is required, a switch 103 is operated 
to take a position wherein instead of the torque 

5 demand signal T* a deviation between a desired motor 
vehicle signal V* and an actual motor speed, as 
detected, of the motor 107 is supplied to the 
controller 105. Then, the controller 105 effects a 
closed loop control, L.e*, a feedback control, 

w wherein the motor 107 is controlled in such a 
direction as to reduce the deviation toward zero. 

This motor control has an insufficiency 
that there occurs a shock upon making a shift to the 
torque control mode from the speed control mode, 

rs resulting in poor ride feel of the vehicle. This is 
because closed loop is interrupted and replaced by 
the open loop at shifting and a rapid change in 
control gain occurs • 

Another approach to effect a smooth shift 

20 between a torque control and a speed control is 
proposed in Japanese Utility Model Application First 
Publication 63-149105 • According to a motor control 
disclosed by this Publication, instead of the closed 
loop control an open loop control is used to effect a 

25 laotor speed control wherein a running resistance is 
anticipated in response to a change in motor speed 
and outputted in terms of a torque in such a manner 
as to keep the motor vehicle at about a desired 
value# Specifically/ an accelerator position, a 

30 brake position and a motor speed are used for 
calculation of an electric current amplitude and a 
torque angle. These values are used as target 
values. There are calculated Instruction values 
which gradually approach the above target values, 
respectively. Torgue control of the motor is 



effected based on these instruction values* This 
known approach is successful in making a smooth shift 
between the torque control and the speed control. 

However/ this known motor control cannot 
keep the speed at a desired speed value when the 
vehicle encounters a change in road conditions, such 
as an up-hill • Thusr the functions performed by ASCD 
and LSD cannot be realized in the known motor 
control. 

Accordingly/ it would be -^desirable to 
be able to provide a motor control which effects 
a smooth shift between torque control and speed 
control and which is capable of realizing the 
functions of ASCD and LSD. 

According to the present invention, there 
is provided a control system for a motor of a 
vehicle, comprisingi means for detecting motor speed 
and outputting a motor speed signal indicative 
thereof; means for detecting a demand for 

acceleration and outputting an acceleration signal 
indicative theeof; means for calculating a motor 
speed error signal based on the motor speed signal 
and the acceleration signal and outputting a motor 
speed error signal; means for generating a motor 
speed command signal and outputting a motor speed 
command signal Indicative thereof; feedback control 
means calculating a torque command value based on the 
motor speed command signal and the motor speed signal 
and outputting a torque command signal indicative 
thereof; and control means^ controlling the motor on 
the basis of the torque command signal from the motor 
speed feedback control means. 



In the drawings s 



Fig, 1 is a sebematic diagram of a first 
embodiment of a motor control system according to the 
present invention; 

Fig* 2 is a schematic diagram illustrating 
5 the operation of the first embodiment; 

Fig* 3 is a schematic diagram showing 
installation of the motor control system in a 
vehicle; 

Figs« 4, 5 and 6 show a flowchart 
w performing the function of limited slip differential 

Fig. 7 is an alternative installation of 
the motor control system in a vehicle; 

Fig, 8 is a flowchart performing the 

r5 function of automatic speed control device (ASCD) 
according to another embodiment; and 

Fig* 9 is a schematic diagram of a motor 
control system discussed before. 
DESCRIPTION OF THE PREFERRED EHBODIMBHTS 

20 Referring now to the drawings/ particularly 

to Figs. 1-3, Fig, 1 shows a schematic diagram of a 
first embodiment of a control system according to the 
invention. Fig. 2 shows an operational concept of 
the first embodiment and Fig, 3 shows the components 

25 of the first embodiment as installed on a vehicle. 

Referring to Fig* 3, a vehicle is shown in 
which left and right front wheels 1 and 3^ left and 
right rear wheels 5 and 7, a steering wheel 9r and an 
accelerator 11 are provided. Motors 13 and 15 are 
respectively associated with the leftrear wheel 5 and 
the right rear wheel 7. when the front wheels 1 and 
3 are steered by the steering wheel 9, depending on 
the steering direction, a controller 17 is active to 
supply driving force signals to the motors 13 and 15 
respectively according to the steering condition. 
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Purther/ a lateral acceleration sensor 19, 
front wheel speed sensors 21 and 23, means for 
detecting a motor speed by way of rear wheel 
rotation/ motor rotational speed sensor© 25 and 27, a 

5 steering angle sensor 29 and accelerator angle sensor 
31 are further provided. 

The lateral acceleration sensor 19 detects 
a lateral acceleration acting on the vehicle and 
outputs a lateral acceleration indicative signal 

to indicative thereof- The front wheel speed sensors 21 
and 23 respectively detect the rotation speeds of the 
front wheels 1 and 3 and output wheel speed signals 
Nfr and Nfl respective indicative of detected right 
and left front wheel speeds • The motor speed sensors 

rs 25 and 27 respectively detect left and right motor 
rotation speeds and output inotor speed signals Nr and 
Nl. The steering angle sensor 29 detects a steering 
angle of the steering wheel 9 and outputs a signal 6 
indicative thereof and, the accelerator angle sensor 

20 31 detects an opening, or depressed, angle of the 
accelerator 11 and outputs an acceleration command 

signal F*. 

The outputs of the above-described sensors 
19 -31 are supplied to the controller 17, 

25 As shown in Fig. 1, this embodiment Of a 

motor control system comprises a motor speed error 
comtnand generator 33, a motor speed command generator 
35, an external motor speed command generator 37, a 
change-over switch 39, a motor speed feedback control 

30 unit 41, and a controller 17. 

In response to the motor speed signal N of 
the motor speed sensor 25 (or 27) and the 
acceleration command signal of the accelerator 
sensor 31, the motor speed error command signal 33 
outputs a motor speed error command value delta 



which is determined as a predetermined function of F* 
and N. The motor speed command generator 35 

calculates a sum of the motor speed error command 
delta N* and the motor speed N and outputs a motor 
speed command value N* indicative of the calculated 
sum. The external motor speed command generator 37 
genratea a motor speed command value N**. The motor 
speed command values N* and N** are selected by the 
change-over switch 39. When the change-over switch 
39 takes one of two shif table positions, the motor 
speed command signal N* is outputted by the 
change-over switch 39/ while when it takes the other 
position, the motor speed command signal N** is 
outputted by the change-over switch 39. The output 
of the change-over switch 39 and the motor speed 
signal N generated by the motor speed sensor 25 (or 
27) are supplied to the motor speed feedback control 
unit 41 where a feedback control on the N* (or N**) 
and N is carried out* Based on the output of the 
feedback control unit 41, the controller 17 controls 
torque of the motor 13 Cor 15). 

Thje feedback control unit 41 includes a 
subtracter 43 at which a subtraction N - N* or 
^ - N** is made. Based on this subtraction a 
Proportional, Integral and Differential terms (P. I. 
D) are calculated and the sum of them is outputted as 
a torque command value by a torque command 

generator 45. 

The operation of this embodiment is 

described. 

Usua^lly, the motor 13 <or 15) is 
controlled in response to the torque command value T* 
such that the difference between the motor speed N 
detected at the motor speed sensor 25 (or 27) and the 
motor speed command value N* decreases toward zero. 



As previously described^ the motor speed 
command value is a sum of the actually detected 
motor speed N and the motor speed error command value 
delta N* that is given as the predetermined function 

5 of the actually detected motor speed N and the 
acceleration command value P* generated by the 
accelerator sensor 31. This control may be divided 
into two blocks A and B as shown in Pig. 2. 

Referring to Fig, 2t in the A block, the 
subtracter 43 and the torque command generator 45 
(see Fig. 1) are represented by a speed to torque 
command converter Pr while in the block the 
accelerator sensor 31/ the motor speed error command 
generator 33 and the motor speed command generator 35 

;5 (see Pig. 1) are represented by an inverter P"""'". AS 
will now be readily seen from Pig* 2# the motor speed 
command is cancelled owing to the fact that 
F P'^-'' - 1. As a result, it is considered that the 
stable speed control is controlled by the toque 

20 control that provides good driveability. 

From the previous description, it will now 
be appreciated that although the circuit structure is 
of the speed control type, it is rendered to operate 
as a torque control system- Thus, upon inputting the 

25 completely different motor speed command value N** 
via the change-over switch 39 disposed downstream of 
the motor speed command generator 35, this change in 
motor speed command, namely a change from N* to N**, 
occurs outside of the feedback loop so that the motor 

30 speed feedback control unit 41 reacts smoothly based 
on this change in motor speed command value to 
provide Smooth shift in speed of the motor 13 (or 
15). 

In the above-described embodiment, the 
motor speed error command value delta N* is 
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calculated based on the actual motor speed N and the 
acceieratoc command signal p*. I£ it is desiced to 
increase control response during transient period, 
the motor speed error command value delta N* is 
5 determined as a sum of a proportional tetm, as 
expressed by CI x P*, and a differential term, as 
expressed by C2 X P*f where: Cl and C2 are 
constants, and P* (P* overdot) is a first 
differential with respect to time. Thus, response 
10 characteristic to a rapid change in acceleration 
command is improved. 

Hereinafter, referring to the flowchart 
shown in Pigs. 4-6, it is desccibed how the ifiotor 
control system performs the function of limited slip 
15 differential (LSD). 

First, at a step SI, a acceleration command 
value F* ie read from the accelerator sensor 31. 
^Then, at a step S2, based on the acceleration command 
read at step SI, a motor torque command value for the 
20 motor 13, nasaely T*(13) and a motor torque command 
value for the motor 15, namely T*(15), are modified. 
It is now assumed that T*(13) « T*(15) = t*. 

Then, at a step S3, control procedure flags 
Pa3) and P{15> are set equal to 1 (one). The 
25 setting is such that the flag P(13) or P(15) being 
equal to 1 means a torque control, while it being 0 
(zero) means a motor speed control. Ususally,. the 
priority is placed at the torque control so that the 
flags P(13> and P(15) for the motors 13 and 15 are 
set equal to 1 (one), respectively. 

Then, referring to Pig, 5, at a step S4, a 
lateral acceleration Yq la read from the laterial 
acceleration sensor 19, At a step S5, a right front 
wheel speed Nfr and a left front wheel speed Nhl of 
the right and left front wheels 1 and 3 are 
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respectively read ttotti the front wheel speed sensors 
21 and 23, an actual right rear wheel speed Nr and an 
actual left rear wheel speed Nl of the right and left 
rear wheels 5 and 7 are read from the motor speed 

5 senisors 25 and 27* Thenf at a st«>p S5# the vehicle 
speed V Is calculated from the values Nfr and Nfl. 
At a step S7 f using this vehicle speed V and the 
lateral acceleration Y^, a turning radius R of the 
vehicle is calculated. Alternatively # the turning 

to radius R is determined using a steering wheel angle 6 
instead of the lateral acceleration Y^, 

At a step SB, a steering wheel angle 9 is 
read from the steering wheel angle sensor 29 and a 
direction of turning is determined based on a sign of 

;5 the steering wheel angle 6. 

Then, at a step SIO, it is determined 
whether the turning is a right turn or not* If a 
right turn is made, the routine proceeds to step Slla 
and right and left vehicle speeds Vr and VI are 

20 calculated as follows: 

Vr = V/R (R - t/2) 
VI ^ V/R (R + t/2). 
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If a left turn is made, the routine 
proceeds to a — - ^ 
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step Sllb and right and iGft vehicle speeds Vr, VI are 
calculated as follows; 

Vr « V/R (R + t/2) 
5 VI V/R (R - t/2) 

t = tread. 

Then, at a step S12, as seen in Fig-, 6. a slip 
10 rate command S« is calculated according^ to the following 
equation: S# - F*/C, C being a constant. 

Then at a step S13, rlg-ht and left wheel 
revolution speeds Nr*, Nl» for the left and right rear 
75 wheels 5, 7 are calculated as follows: 

Nr» = Vr / 2«rr (1-S*) 
Nl» « VI / 2jrr (1-S*) 

20 wherein r « a tire radius. 

Then, In a step S14, it is deterraJned whether 
an actual speed of the rear rii^ht wheel 7 is greater than 
a predetermined value c or not, according to the 
25 following equation: iNr - Nr»i< A value of Nr - 

Nr» which is greater than e indicates a degree of s]ip 
is above a set amount. 

Therefore, If the answer is NO in step S14, 
the routine proceeds to a step SiS, wherein the motor 
30 control flag P(15) for the motor 15 is set to P(15) « 0 
(0 « revolution speed control) after which the routine 
proceeds to a step S16. 

On the other hand, if the result of calculation 
shows that Nr - Nr» Is less than e, or a YES answer is 
determined in step S14, the motor control status of the 
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motor 16 is not chang-ed and the the routine proceeds 
directly to step S16 wherein it is determined whether an 
actual speed of the rear left wheel 5 g-reater than a 
predetermined value c or not» accordingr to the following 

s equation: 

INI - Nl»i< A value of Nl - Nl* greater than e 

Indicatins a degree of slip Is above a set amount. 

If the answer is NO in step SIS, the routine 
proceeds to a step SIT, wherein the motor control flag- 
P(13) for the motor 13 is set to P(13) » 0 (0 = 
revolution speed control) and the routine proceeds to a 
step S18. It will be noted that if the calculation of 
N{r or 1) - N{r or 1)» is less than t then slip outside 
of the predetermined slip rang^e is not present and the 

75 control mode flags t»(13) and P{15) for the motors 13» 15 
are set at 1. 

At step S18 motor control commands Motor J 3 
control mode - P(13) = (0 or 1) and Motor 15 control 
mode = P(15) « (0 or 1) are output for each of the motors 

20 13, 13 , are output according to the determinations made 
in steps S14 to S17. It will be noted that if the value 
of the motor control flagrs P(13) or P(15) arc set to 0 in 
steps S15 or S17, then the switching element 39 of the 
control circuit is switched to effect change of the 

25 control mode from torque control (value 1) to revolution 
speed control (value 0), 

According to the above-described embodiment, 
wherein control of the motors 13, 15 Is effected 
according to a difference in detected speeds of right and 

30 left rear wheels 5, 7, a so-called L,S.D. (limited slip 
djfferential) effect is obtained. 

Flge. 7 and 8 show an alternative embodiment of 
a control system accordinfir to the invention. The second 
embodiment relates to regenerative torque control having 
ASCD characteristics • 



According- to the second embodiment, a brake 
sensor 47 Is provided to detect a degrree of braking force 
applied to a vehicle brake (not shown) as well as a 
vehicle speed sensor 49 to detect a vehicle speed. A 

Q program for operation of the system of the second 
embodiment is shown in Fiff. 8. 

According to the flowchart of Fig-, 8, at a step 
S21. a signal B from the brake sensor 47 is read. Then, 
at a step S22, a vehicle speed V is read from the vehicle 

jQ speed sensor 49, Next, at a step S23, a regenerative 
torque command Tg* value Is calculated on the basis of 
the brake slernal B and the speed signal V and, at a step 
S24, a signal representing the regenerative torque 
command Tb* is output to the motor 13. 

/5 According to the above einbodJment , even if, for 

example, switching between a driving operation wherein 
the accelerator is depressed, and a regenerative torque 
operation wherein the brake is operated, is effected 
suddenly, smooth transition betv/een the two control modes 

20 may ha effected. Thus driveabillty and safety are 
enhanced according to the control system of the 
iiwention. 

Thus according to the above described 
embodiments of a control system for electric vehicles, 
25 smooth and safe transition may be made between torque 
control and speed control of an electric motor and ASCD 
(Automatic Speed Control Device) and LSD (Limited Slip 
Differential) characteristics may be obtained. 
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CLAIMS; 

1. A control system for a motor of an electric motor 
vehi cl e, compri s i ng: 

means for detecting motor speed and outputting a 
motor speed signal indicative thereof; 

means for detecting a demand for acceleration and 
outputting an acceleration signal indicative thereof; 

means for calculating a motor speed error based on 
the motor speed signal and the acceleration signal and 
outputting a motor speed error signal; 

means for generating a motor speed command based on 
the motor speed error signal and the motor speed signal 
and outputting a motor speed command signal indicative 
thereof; 

feedback control means for calculating a torque 
command value based on the motor speed command signal 
and the motor speed signal and outputting a torque 
command signal indicative thereof; and 

control means for controlling the motor on the basis 
of the torque command signal. 

2. A control system as claimed in claim 1, including 
external motor speed command generating means outputting 
an external motor speed command signal, and switching 
means operatively connected with the feedback control 
means and switchable between output signals of the 
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external motor speed command generating means and the 
motor speed command generating means. 

3, A control system as claimed in claim 1 or 2, 
including brake sensing means for detecting an applied 
braking force and outputting a braking signal indicative 
thereof, and vehicle speed sensing means for detecting 
vehicle speed and outputting a vehicle speed signal 
indicative thereof, the motor being controlled on the 
basis of the vehicle speed signal and the braking signal. 

4. A control system for an electric vehicle, comprising: 
a motor; 

a front wheel speed sensor for detecting rotation 
speed of a front wheel and outputting a wheel speed 
signal indicative thereof; 

a motor rotational speed sensor for detecting 
rotation speed of the motor and outputting a motor speed 
signal indicative thereof; 

a steering angle sensor for detecting the steering 
angle of a steering wheel of the vehicle and outputting 
a steering angle signal indicative thereof; 

an accelerator position sensor for detecting the 
position of an accelerator of the vehicle and outputting 
an acceleration command signal; 

error signal generating means for calculating a 
motor speed error based on the motor speed signal and 
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outputting a motor speed correction signal indicative 
thereof; 

motor speed command generating means for adding the 
motor speed signal and the motor speed correction signal 
and outputting a motor speed command indicative of the 
result; 

feedback control means for forming a feedback loop 
based on the motor speed command and the motor speed 
signal and subtracting the motor speed command from the 
motor speed signal to derive a torque command value and 
outputting a torque command signal indicative thereof; 
and 

control means for controlling torque of the motor on 
the basis of the torque command signal. 

5. A control system as claimed in claim 4, including 
external motor speed command generating means outputting 
an external motor speed command signal, and switching 
means operatively connected with the feedback control 
means and switchable between output signals of the 
external motor speed command generating means and the 
motor speed command generating means. 

6. A control system as claimed in claim 4 or 5, having 
a plurality of motors and motor speed command generating 
means respectively controlling each motor according to a 
given steering condition. 
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7. A control system as claimed in claim 6, including a 
lateral acceleration sensor for detecting lateral 
acceleration acting on the moving vehicle and outputting 
a lateral acceleration signal indicative thereof for 
calculating a turning radius of the vehicle. 

8. A control system for a motor of an electric vehicle, 
substantially as desirable with reference to, and as 
shown in. Figures 1 to 6 or Figures 7 and 8 of the 
accompanying drawings. 



Pp'^nts Act 1977 

Examiner's report to the Comptroller under 
Section 17 (The Search Report) 



Application number 

GB 9216908.5 



Relevant Technical fields 

K G3R (RBN32, RBN3 3, RBN34, 

' RBN35 RBN36, RAB, RAC, RBU) ; 
G3N (NGA2, NGCA, NGCA, NGEIA, 
NGEIB, NGEl 



(i) UK CI {Edition 



(ii) Int CI (Edition 

Databases (see over) 
(i) UK Patent Office 



) G05B AND G05D 



(ii) 



ONLINE DATABASES: WPI 



Search Examiner 



MR A BARTLETT 



Date of Search 



19 OCTOBER 1992 



Documents considered relevant following a search in respect of claims 



Category 
<see over) 



Identity of document and relevant passages 



Relevant to 
clalm(s) 




SF2(p) 



HD - doc99\fil000563 



Category 



18 



Identity of document and relevant passages 



Rele .t 
to clalmts) 



Categories of documents 

X: Document indicating lack of novelty or of 
jnventive step. 

Y: Document indicating lack of inventive step If 
combined with one or more other documents of the 
same category. 

A: Document indicating technological backaround 
and/or state of the an. « w u 



P: Docunient published on or after the declared 
priority date but before the filing date of the 
present application. 

E: Patent document published on or after, but with 
priority date earlier than, the filing date of the 
present application. 

&i Member of the same patent family, 
corresponding document 



?ot! ? ? Patent Office database comprises classified collections of GB, EP, WO and US 

In^^^r^^^^^^ outlmed periodically In the Official Journal (Patents). The on-line databases 

c onsidered for search are also listed p eriodically in the Official Journal (Patents). 

Saks nSnc'h Vn^i Ni^'U?i?oiS^^S^?^^ Cardlff Road. Newport. Cwent NP9 IRH. Further copies may be obtaln<:d from 

Bales Branch. Unit 6, Nine Mite Point, OwnTcllnfach. Cross Keys, Newport. NPl 7H2. Printed by Multiplex teclmtques ltd. St Maiy Cray. Kent 



